Abstract. We examine the horizontal motions at close stations from earthquakes in the Loma Prieta and Whittier Narrows sequences to study the shear wave polarizations. We use a dense, six station array recording 10 aftershocks for the former, and use two events and 11 stations across the Los Angeles area for the latter. 
Introduction
Near-surface geology is known to be an important factor in the motion of the surface of the earth during earthquakes. This importance is most directly seen by comparing surface seismometer records with seismograms written by instruments in boreholes. Amplification, frequency-dependent attenuation, and an extended duration of shaking are more pronounced in the surface records (Malin et The modeling of strong motions generally assumes fiatlayered geologic structures. The response of these fiat-layered smactures is simpler and faster to compute, and can explain many features of strong ground motions. In addition, a onedimensional estimate of geologic structuLe is simpler to determine from geotechnical methods than the more realistic three-dimensional structure.
We present observations that contradict the flat-layered model prediction that the site response should be azimuthally symmetric. We compare observed shear wave polarizations to those pre•cted from the focal mechanisms. Most of the sites studied have a preferred direction of shaking that does not depend on the focal mechanism. We term this phenomenon Table 1 ). These observations suggest that the polarization of the shear waves at high frequencies is not controlled by the earthquake source. Previous work (Vidale, 1989) on the Whittier Narrows sequence suggests that the focal mechanism influences peak acceleration at a specific site, but the data presented here indicate that in many cases, the azimuth of polarization of the motion in the range 1-16 Hz depends on the site. in addition, in several cases, the most similarity between the mainshock and aftershock polarizations is in the passband where spectral peaks appear, suggesting that the geologic features that enhance amplitudes in a particular frequency band also have a preferred direction of particle motion. The 11 stations span a wide range of surficial geology from hard rock to soft sediment suggesting that these directional resonances are probably a feature comn•n to differing geologic settings.
lnteWmtation of Directional Resonances
Our results may be summarized as: i) the polarization of shear waves is affected by the site and depends on frequency; ii) this is not evident in the first 0.5 s pulse. Thus anisotropy or similar phenomena cannot explain the observations because they would act on the whole wave train. The observed site effect acts on the reverberations or scattered energy. Hence we term the effect directional resonance. We interpret the observed directional resonances as the result of some geological feature along the ray-path to the surface that is able to amplify the particle motion in selected frequency bands in particular directions compared to motions in other directions. This direction-dependent amplification alters the particle motion.
The actual geological features that cause this amplification are not known: lateral gradients in near-surface shear wave velocity are likely to cause these resonances that change across short distances. Since the Loma Prieta data show that the preferred direction can change on a scale of 25 m, and that it remains constant through the shear wave onset and coda, these features must be very close to the receivers, probably within a few tens of meters.
The presence of specific geological features that can alter the particle motion direction leads to the alignment of shear body wave polarizations. This phenomenon can be described as a directional site effect and may be relevant in seismic design. Even if the mechanism is not yet fully understood, the predicmbiH• of the directional resonances should prove useful to earthquake engineers. If the preferred direction of strongest shaking can be measured in advance, then structures can be appropriately reinforced.
Conclusions
Strong motion data recorded during the Whittier Narrows and Loma Prieta earthquake sequences show the presence of directional site resonances. In the frequency range from l to 16 Hz a majority of sites studied exhibit a preferred direction of ground motion of shear waves that does not depend on the polarization expected from the focal mechanism and location of the event. For the Whittier Narrows earthquakes, the coincidence of the polarization directions from the two events with different focal mechanisms was greatest for the frequencies at peaks in the spectra, suggesting that site amplification and directional resonances are linked. For the Loma Prieta study, the analysis of ten aftershocks recorded at the small-aperture ZAYA array has shown that the preferred direction for the ground motion can change within 25 m. Furthermore, the observed directional site effect is not easily correlated with either topography or surficial geology. Understanding these observations of directional site resonances will contribute to earthquake hazard mitigation as well as to basic knowledge of seismic wave propagation.
